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INTRODIJCTICN 
\ 

Dlasma p e n e r a t o r s ,  i n  g e n e r a l ,  have been found s u i t a b l e  f o r  a v a r i e t y  of 
u s e s ,  Thev pene ra l ly  Drovide an e l e c t r i c  a r c  which is condensed or c o n s t r i c t e d  
i n t o  a s m a l l e r  c i r c u l a r  c r o s s - s e c t i o n  than  would o r d i n a r i l y  e x i s t  i n  
device .  This c o n s t r i c t i o n  pene ra t e s  a very  h inh  tempera ture  (8,000-20,000°K) so 
t h a t  a sunerheated-Dlasna workinp f l u i d  can he e j e c t e d  throuph t h e  nozz le  and t h e  
comoosition of t h e  Dlasma de termine  t h e  u s e  t o  which t h e  plasma nene ra to r  i s  pu t .  
Plasma Fene ra to r s  have been used f o r  c u t t i n n ,  welding, me ta l  s p r a v i n e  and chemical 
o r o c e s s i n r .  
of t h e  product ion  o f  new aaloys and compounds and the  p rocess ing  o f  l e s s  commonly 
used m a t e r i a l s ,  as w e l l  a s  t h e  p reoa ra t ion  o f  c e r t a i n  common chemica ls .  

an onen arc-tyDe 

\ 
i For chemical p rocess inp ,  plasma p e n e r a t o r s  have provided  t h e  p o s s i b i l i t y  

nLAS#A JET EQUTPMrNT 

Two types  o f  plasma gene ra to r s  a r e  poss ib l e :  t h e  non t r ans fe r r ed  and the 
t r a n s f e r r e d  a rc .  A n o n t r a n s f e r r e d  a r c  c o n s i s t s  of a ca thode  and a hollow anode 
where t h e  a r c  is s t r u c k  between t h e  e l e c t r o d e s  and t h e  flame emerges through t h e  
o r i f i c e  i n  t h e  anode, I n  t h e  t r a n s f e r r e d  arc, t h e  ca thode  is p laced  some d i s t ance  
away from t h e  anode and an a r c  is  passed between t h e  e l e c t r o d e s .  
a r c  is t h e  nost popu la r  i n  

T h e  non t r ans fe r r ed  
the ' chemica l  s t u d i e s  made t o  d a t e .  

\' 

A plasma jet used  i n  chemical s y n t h e s i s  can have v a r i e d  d e s i p s  t o  meet 1 x s p e c i a l  requi rements ,  such  a s  
oa th  a t  a p a r t i c u l a r  po in t .  

the i n t r o d u c t i o n  of a r e a c t a n t  m a t e r i a l  i n t o  the  flame 

Consumable ca thodes  have been used i n  experiments i n  which carbon was one of \ 
t h e  r e a c t a n t s ,  
of cyanogen and hydrogen cyanide.  
c o n s t i t u e n t  of a Kas has  a l s o  been used as t h e  source  of carbon i n  a plasma flame. 

E lec t rodes  of 2%-thor ia ted  tungs t en  a r e  t h e  most f r e q u e n t l y  used water-cooled 

Carbon, vapor ized  from a g r a p h i t e  ca thode ,  was used i n  t h e  syn thes i s  
powdered carbon in t roduced  i n  a gas stream or as a 

\' 

nonconsumable e l e c t r o d e s ,  
w o r k .  
c o n f i p u r a t i o n  d e s i r e d  t o  accomodate d i f f e r e n t  feedinp: and quenching devices .  

Hater-cooled copper anodes have been w i d e l y  used i n  e x p e r h e n s  
F igure  1 shows a t y p i c a l  plasma jet  assembly. A r e a c t o r  chamber may be of m y  

x 
PLASMA tTET REACTIONS 

GAS-CAS PEACTIONS TO PRODUCE A CAS AND CAS 
DFCO?'POS7TION PEACTIONS TO PFODUCF A GAS 

\ A cons ide rab le  amount of  r e s e a r c h  has been done by a number of people i n  
t h e  a r e a  of Dlasma je t  eas-pas r e a c t i o n s .  
pases  t h a t  have been i n v e s t i p a t e d .  

The fo l lowinp  is t h e  g a s  r e a c t i o n  producing 
I 
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CK4 (or o t h e r  hvdrocarbons)  A r  ,?e? 

CTq + !I7--+ F3 + C=31!r2 ( 6 )  'I 

Srs + h'2+!'F3 

t:P3 or CU,, c rack inp  r a t e  s t u d i e s  ( 8 )  

In t h e  o a s t  s e v e r a l  v e a r s  cons ide rab le  e f f o r t  has been d i r e c t e d  t o  the \ 
i n v e s t i p a t i o n  o f  t h e  n roduc t ion  of ace ty l ene  from hvdrocarbons ( r e a c t i o n  1). 

! 
"he Drnduction of a c r t v l e n e  hv r e a c t i n p  Fe thane  in  t h e  flame cf an arpon 

olasms i e t  v i e lded  an R0% convers fan  t o  ace tv l ene  (1). 
conver ted  t o  a c e t v l e n e  and hvdrogen with l i t t l e  format ion  of s o o t .  P i su re  7 shows 
t h e  Dower consumption VS. t h e  feed r a t i o  o f  arpon t o  methane. T h i s  r a t i o  is the 
most imnor tan t  n a r a v e t e r  i n  t h e  ace ty l ene  y i e l d .  "he minimun power consurnntion 60 
Kwhr/100 CU. f t .  a c e t v l e n e  nroduced, corresDonded t o  a r a t i o  of arpon t o  ace ty lene  o f  
0.3. 
for plasma p rocess inp  which mipht be o f  i n t e r e s t  t o  t h e  petroleum indus t ry .  Pethane 

s t u d i e d  t h e  methane decomDosition r e a c t i o n  and compared it t o  a v a i l a b l e  themodvnamic 
d a t a .  
chamber and water  ouench svstem. 
e n t e r e d  t h e  r e a c t i o n  chamber and mixed wi th  a methane f eed .  The  
a f t e r  a f f l u i n p  from t h e  r e a c t i o n  chamher and wa te r  auench svstem. 
c o n d i t i o n s  f o r  methane produced a 30? y i e l d  of a c e t y l e n e .  

Almost a l l  of t h e  methane w a s  
\ 

! 

Danon and White ( 2 )  s e l e c t e d  the  manufacture of a c e t y l e n e  as am a o p l i c a t i c n  

was one of t h e  pases  nroposed wi th  the use  of r e c v c l e  procedure .  Anderson and Case 

I n  t h e s e  exae r imen t s  a hvdropen plasma t o r c h  w a s  used coupled t o  a r eac t ion  
?he h o t  hydrogen s t ream emi t ted  from t h e  Dlasma j e t ,  \ 

In  a r e p o r t  o f  t h e  Na t iona l  Academv o f  Sc iences  t h e  i n v e s t i g a t i o n  by t h e  f 
Linde Company o f  t h e  p roduc t ion  o f  ace ty l ene  us inp  a plasma j e t  and n a t u r a l  pas was 
r e p o r t e d .  
s t r eam than  does t h e  open a r c  p rocess  used  i n  

T h i s  p rocess  is s a i d  t o  have a more e f f i c i e n t  t r a n s f e r  energy t o  the feed  
Germany. 

Cons iderable  r e s e a r c h  h a s  been done on t h e  methane-nitrogen and methane- q 

"i ammonia r e a c t i o n s  ( T a c t i o n s  7 t 3) t o  produce hvdroeen cyanide and a s  a bv product 

carbon i n p u t  (as  methane) bv usinR e i t h e r  
a c e t v l e n e .  Leutner 

n i t r o p e n ,  arEon or nitroEen-argon mixtures  
as t h e  plasma eas .  f i p r e  3 shows a schemat ic  of t h e  appa ra tus  
These experiments shoved t h a t  up t o  75% of t h e  carbon inDut as methane 
WN and ace ty l ene  f o r  r e a c t i o n  3 and 90% for r e a c t i o n  P. 
a c e t y l e n e  were found and cvanopen w a s  p r e s e n t  i n  only t r a c e  amounts. 

used 

6 6 ) r e p o r t e d  up t o  50% convers ions  were obta ined  based on 

Ho o t h e r  hydrocarbons beside! 
f 

\ Damon and Vhi te  (7) DroDosed t h e  product ion  o f  r educe r  gas  by r e a c t i o n  4 
Using n a t u r a l  eas or DroDane a s  a hvdrocarbon source .  
methane refonninR would o o e r a t e  a t  a t emperature of 3000 t o  6 0 O O O F  and Drovide a h i @  
tempera ture  r educ ing  gas  for metals and o t h e r  hip.h t empera tu re  processes .  

The f i x a t i o n  of n i t r o p e n  ( r e a c t i o n  5 )  has  been one of t h e  major aDnl ica t ions /  

The proDosed p rocess=fo r  stem+ 

for a r c  induced r e a c t i o n s  i n  t h e  
o x y p e n - n i t r o ~ e n  mix tu res  h a s  beep 
i n p u t  has been conver ted  t o  NP ( 6  

1 
I 
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6 
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i Cuencb s v s t e n  w<t!: a n i t r c r e n  nlas-a  iet  have shown co innrovenent on t h e  above y i e l d ( 9 ) .  

\ ?ecen t lv  nrcnf i i :  and P a z l e t t  ( I n )  have exnerimentef with t h e  in t roduc t ion  
of CF4 an2 CFG i n t o  a n i t r o r e n  nlasna j e t .  
( r e a c t i o n s  of 6 E, 7 )  were 6roduced. The v i e l d  o F  f rxed  n i t r o p e n  comounds was Of tHf! 
o r d e r  cf 1' cf t h e  nctroper:  I r l e t .  'he *.riel6 of t h e s e  coinnunds inc reased  wi th  both 
increaser! rower j r r u t  and r/!: ratic. 

% a l l  v i e l 6 s  of  ::73, !'2F4 and CF3Kr3 

. .  1 

r r e m a ,  and Ckrivan "I)  have studier! t h e  decoTr6s i t i on  r a t e  of a-mania 
a n <  -e thane  ir i. plAsra i k t  ( r e a c t i o r .  R )  an? have shown i t  t o  be r a t e  I lmi te r '  
c i f f u s ? m  prc.r.ess. 

h-7 s 
0 _ .  

The  >.nnar;itus use8 has  been full11 characteri::ec! and shown t o  
i be R verv  COO(! F i t  f ~ r  a d;ifrlsi .onal -n*e l .  

/ Decea t lV  i n y ~ e ~ t j , p a t i d n s  a t  t h e  Pesiarch I n s t i t u t e  o f  T e m D l e  I Jn ivers i . ty  
5ave shown t h a t  hvdro 
s u l f u r  nowder fed in  a h e l i u r  p l a s m  ;et (12) .  

F/Y.whr of hyrdropcr s i i l f - i d e  f o 6 e d  v s .  K w h r / p  @ f , k U l f u r , i G p u t .  
f i p u r e  t h e  r a x i m w  convers ion  ?, dces  no t  necessarily;  hi,ve t h e  maxivum nroduct ion  
e f f  i c  ienclr. 

s u l f i d e  ccn be bvnthesiz.e(! fron i t s  e lement ,  hvdropen and 
Cnnversions as hish  as 37: hased on 

/ t hk  s u l f u r  i n n u t  have heen o? t? ined .  r i u u r e  4 s h & i s  hojh t h e  ? convers ion  and t h e  . ' 

As can  be seen  from t h e  

P consic2erable n u r h e i  o f ,  dvntheqi.ses ha& he& . c a r r i e d  o u t  u s inp  s o l i d  carbon 
j powder o r  r r a n h i t e  e leyent , s  .as  .a ,carhcn' soprc6 for reactj:ons wi th  v a r i o u s  m a t e r i a l s  

includj.np h-ydroren , n i t r o c e n  , .hydroben-n'itrc%n and ammonia. r e a c t i o n s  1 t h r o ~ w h  5 2 show t h e  va r ious  producti.ons ,obtaine$ .hqi ihese reac t i&s . ,  Tn t h e  case of a c e t y l e n e  
. ' s y n t h e s j s  ( r e a c t i o n  2) tt1.e h ~ . ~ ~ & t , y l q ; d  ob ta ined  bv pirect s v n t h e s i s  from t h e  

e l e r e n t s  was 3 3 9  (11. 
f o r  r e c c t i o n  11 have been ob ta ined  ( 5 ) .  . t complete s tudv  o f  t h e  s y n t h e s i s  of cyanopen 

\ fro* i.ts e l e n e n t s  was mr le  tv !,eutne$-(K 6 1 3 )  . a n d , t h i s - r e a c t i o n  Pave 15% convers ion  
, ' hased on t h e  carbon i n n u t  a t  t h e  o j t i l run  r e a c t i o n  cond i t ions .  
v' 

I+dropen cyanide  y i e l d s  up t o  514; for r e a c t i o n  3 and UD t o  399 

. . .  .. I 

Decently Craves , Yawa and 1iiteshu.e (I4) r ebor t ed  i n v e s t i p a t i o n s  w i n e  h i tun inous  
feE. i n t o  an aroon 

i n  v i e l d s  of 15  w t .  ?.  
s i z e  and n l a sna  t e r p e r a t u r e  on v i e id -  and nroducts'  fo rned .  

plasma. i e t  .,. .,Acqtvlene, , t h e  p r i n c i n a l  Drodiict , was obta ined  
-h i s  work .s ' tudie< t h e  , e f f e c t s  of c o a l  feed  r a t e ,  p a r t i c l e  

.. . .. , . - . , . . - .. . 
PAS-GAS ~ ~ A C S T . C I I S  .TO .PAODIJC.C. A m r n  

Ilvdrccarbons 4 C ( 2 )  

r 
' n i t r i d e  ( r e a c t i o n  1) f r o r  t i t an ium t e t r a c h l o r i d e  pas with  e i t h e r  n l a s n a  <e t  hea ted  
' J  annonia or n i t rogen/hvdro?en  mix tu res .  

b lack  t i t a n i u r  n i t r i d e  un t o  9Se pure .  

t ' a rn isch ,  Yemer and Cciailu: .(15) rknor t ed  t h e  p r e p a r a t i o n  of t i t an jum 

"h e r e a c t i o n  Drodirced verv finely,  d iv ided  
The Thermodynamics CorDoration (I6) has  

1 
1 
3 
i 
! 
> 

I 
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FIGURE 4 

I 



r e p c r t e ?  t h e  n o s s ~ k i l . i t v  of  nroduct-r  c a r t o n  b l a  ck fror hvdrocarbons us inp  a n lnsna  
' e t .  
uoul? be cracke2 usir.;. tvCro.ren a s  t h e  o o e r a t i n r  vas  an? Droducirp carbon black.  
LicciC as  i.re11 3s'  Fzseous h-:?rncar!mns c a r  t e  c s e ?  5s a source  for carbon and t h e  
' . ' i trc k h o r a t o r i e s  ( 4 )  have e x n e r i n e n t e ?  ; i i th  c a r t o n  Slack product ion  f r n v  l inu ic!  
h:idrocarhons. 

!!ethane or o t h e r  hv t rccarbons  which would h e in t roduced  i n t c  t h e  plasma f l a n e ,  

'P"?O5 + !Z1 j Ta ( 8 )  

\!C3 t 4 :.: ' ( 9 )  

~ 1 3 0 ~  + Y ~ / C E , , +  P I  ( 1 0 )  

r e 0  + U7+  ?e (11) 

The nroduct ion  o f  meta l  n i t r i d e s  (F! f* 17) from t h e  elements  has  been 
i n v e s t  i p a t e d  f o r  t h r e e  e lements ,  t i t a n i u m ,  -arrnesiun and tunps ten  ( r e a c t i o n s  1 t o  3 ) .  
The Droduction of t i t a n i u n  n i t r i d e  i n  t h e  1000. v i e l d  was accovpl i shed  bv us inp  200 
mesh  t i t a n i u r  Dowder f e d  i n t o  a n i t r o o e n  Dlasna ; e t .  The t i t a n i u m  n i t r i d e  p a r t i c l e  
s i z e  was found t o  be 0.75 t o  7.5 microns and t h e  nroduct  was also formed i n  l a r p e ,  
c o r p a c t ,  Folden . re l lov c r v s t a l s .  I n  a l i k e  manner tunps ten  n i t r i d e  was formed i n  
75p y i e l d .  
fed  i n t o  a n i t r o p e n  olasma j e t .  

40% conversion t o  rnapnesiun n i t r i d e  was o b t a i n e d  when nacnesium was 

The preDarat ion o f ' c e t a l  c a r b i l e s  has  also been reDorted ( 1 2  6 1 7 ) .  Tipure 
5 shovs t h e  9 conversion VS. Kwhr/a t u n a s t e n  i n p u t  f o r  r e a c t i o n  4. As can b e  s e e n ,  
t h e  XC conversion is  d i r e c t l v  Dronor t iona l  t o  t h e  power i n p u t  l e v e l .  
convers ions  obtained were 43? f o r  \,!2r and 11% f o r  %'C. r e a c t i o n  5 aSove is shown i n  
r ip l i r e  6 uhere .9. conversion is p l o t t e r ]  VS. Kwhr/v !XI3 i n n u t .  The  t h r e e  products  o f  
t h e  r e a c t i o n ,  t u n r s t e n  ( 4 3  to  R l ?  c n n v e r s i c n ) ,  tunes te r .  c a r h i d e  ( 4  t o  11% oonversion)  
and d i t u n e s t e n  c a r b i d e  ( 9  t o  35% convers ion)  a r e  fomad i n  a t o t a l  convers ion  o f  81 
t o  9UQ.. ?e n a i o r  Droduct is t i inosten which i s ' f a v o r e d  a t  h i g h e r  Kwhr/p WOg i n p u t s .  
The r e a c t i o n  of  tantalum and methane i n  a helium nlasma j e t  is  shown i n  F ipure  7 where 
a water-cooled cuenchinp nroba was ~ l ~ c e d  a t  1/3" and 5" below t h e  plasma jet .  The 
e f f e c t  of t h e  ruenchinr  d i s t a n c e  is d r a n a t i c .  The annunt o f  Ta2C formed is not-  
apDrecfahlv d i f f e r e n t  i n  e i t h e r  c a s e ,  however, t h e  TaC v i e l d  chanped c o n s i d e r a b l y  bv 
t h e  n1acerrer.t o f  t h e  ouenchinp device .  Conversions UD t o  72% have been produced 
by t h i s  r e a c t i o n .  Tipure e shows a n l o t  of t h e  t a n t a l u r - p e n t o x i d e  plus nethane  
r e a c t i o n  c a r r i e d  o u t  i n  a he l i t i c  Dlasma j e t .  The % conversion is  p l o t t e d  vs. Kwhr/y 
t a n t a l u n  nentoxide i n p u t  f o r  two d i f f e r e n t  ouenchinp nrobe d i s t a n c e s  f rm  t h e  plasma 
i e t .  

The hiRhest  

Jn t h e  c a s e  where t h e  auencher  was 1/7" 5elow t h e  j e t  t h e  Droduct ion of TaC 
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1 Toes u? l i n e a r a l l v  w i t h  t h e  Kihr/p i n p u t .  
Deak was obta ined  which shows t h a t  adequate  quenchinrr does not  t a k e  p l ace  bevond a 
va lue  o f  0.4 f o r  Kwhr/p. 
peaks 
i s  t h e  favored product  i n  t h e  5" c a s e .  
and 18% %a for  both c a s e s .  

Where t h e  Quenching d i s t a n c e  was 5" a 

Note t h a t  i n  t h e  second case  t h e  format ion  of Ta2C a l s o  
Tantalum metal 

Maximum convers ions  a r e  24% TaC, 17% Ta2C 5 and then Falls o f f  r a p i d l y ,  i n  c o n t r a s t  t o  t h e  1 / 2 "  d i s t a n c e .  

The r educ t ion  of tan ta lum pentoxide  wi th  hvdroEen (12)  i n  7 helium plasma j e t  

) t o  produce tantalum meta l  ( r e a c t i o n  A )  is shown i n  P ipure  9. 
is p l o t t e d  vs .  Kwhr/p Ta2O5 inpu t  for two d i f f e r e n t  quenching d i s t a n c e s .  
seen  t h e  more r ap id  quenching (1/2". c a s e )  g i v e s  t h e  maximum convers ion  (42%). 

P.@n t h e  ? conversion 
As can be 

'1 

\ ' 
( 

w h i c h  peaks a t  0.35 Kwhr/g Tap05. 

I n  a similar manner t h e  r educ t ion  of tunps t en  t r i o x i d e  was c a r r i e d  out in a 
helium plasma j e t  (17) wi th  t h e  quenching dev ice  5" below t h e  plasma j e t .  
a s  h i K h  a s  959, were o b t a i n e d  c a r r y i n p  t h e  t u n e s t e n  t r i o x i d e  i n  hydroaen i n t o  t h e  
flame of t h e  ' e t .  The r e d u c t i o n  o f  o t h e r  me ta l  ox ides  has  a l s o  bean exper imenta l ly  

us ing  a helium plasma je t  and c a r r v i n p  t h e  f e r r i c  ox ide  i n  hvdroEen ( r e a c t i o n  11). 
Titanium dioxide  and zirconium d iox ide  r e d u c t i o n s  were also a t tempted  hv t h e  same 
method, however, no r e d u c t i o n  was ob ta ined  i n  e i t h e r  case .  
ox ide  wi th  hydropen i n  a 
aluminum meta l  u s inp  s e v e r a l  d i f f e r e n t  quenching methods. 

Conversions 

i n v e s t i g a t e d  117).  F e r r i c  ox ide  was reduced t o  i r o n  metal i n  a 100% convers ion  '\ 

i The r educ t ion  of aluminum , 
helium plasma j e t  produced on ly  a 2 t o  5% convers ion  t o  

LIOUIDIGAS FEACTIONS PRODUCING A GAS 

Pydrocarbons C2H2 

The a roduc t ion  of  ozone b means of a plasma jet was accomplished by f e e d i n g ,  

used and Fipure 11 shows t h e  e f f e c t  o f  l i q u i d  oxypen flow on ozone product ion  under 
cons t an t  arc cond i t ions .  

l i q u i d  oxyEen i n t o  a helium j e t  (1* v , Figure  10  shows t h e  schemat ic  of t h e  appara tus  

The l i q u i d  oxygen a c t s  as bo th  a r e a c t a n t  and quenching mediu 

Another example of t h i s  t y p e  r e a c t a n t  i s  t h e  decomposition of hydrocarbons i n t o  
\ a c e t y l e n e  by use of a plasma jet dev ice .  

t h e  f e a s i b i l i t y  o f  producinp  a c e t y l e n e  from kerosene  us ing  a plasma t o r c h .  
r u n s  gave y i e l d s  

Thermodynamics Corpora t ion  ( 1 9 )  has proved 
Pre l iminary  

o f  18% a c e t y l e n e .  

LIOUID-GAS REACTIONS TO PRODUCE A LIQUID 

II II 
\ 
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Under propran  c a r r i e d  on a t  t h e . R e s e a r c h  I n s t i t u t e  of Temple Uni e r s i t y  f o r  
t h e  Clidder. Company t h e  r e a c t i o n s  Of t e r p e n e s  i n  a plasma je t  w e r e  s t u d i e d  r ?O). The 
r e a c t i o n s  shown above were i n v e s t i p a t e d  by  u s e  of t h e  a p p a r a t u s  showed schemat ica l ly  
i n  r i p u r e  13. A 1 1  e x p e r i m e n t a l  d a t a  were obta ined  u s i n r  a helium plasma j e t  where t h e  
t e r p e n e  was added i n  a l i q u i d  s t a t e  i n t o  t h e  helium plasma flame. The products  were 
analyzed by rems of c h r a n a t i p r a p h i c  a b s o r p t i o n .  
convers ion  of b p i n e n e  t o  mvrcene i n  26% y i e l d  ( r e a c t i o n  1). Although t h i s  is a normal' 
D y r o l s i s  product  of A-pinene it is t h e  f i r s t  t i m e  t h a t  a compl ica ted 'molecuje  has been \ 
croducsd. hy yeans  of a nlasma i e t .  t h e  p r e p a r a t i o n  of limonene, 
frorn ,>-ainene i n  1% c o n v e r s i o n  a nd para-cymene i n  2 1/29. y i e l d  and *-pinene i n  2 1/2% 
y i e l d  fmr? ;y- terninene ( r e a c t i o n s  2 t o  Q). 

The most p r o d u c t i v e  s y n t h e s i s  was t h e  

Other  r e a c t i o n s  inc luded  

SUMMARY - 
The cheTica1  r e a c t i o n s  d i s c u s s e d  above summarize t h e  s y n t h e s i s e s  t h a t  have 

been a c c o r o l i s h e d  t h u s  f a r  u s i n g  a plasma je t  d e v i c e  and are by no means a l l  t h e  
s y n t h e s i s e s  s t u d i e d  u s i n g  a plasma i e t .  The plasma je t  has  shown i t s e l f  t o  be  a u s e f u l '  
t o o l  i n  t h e  a r e a  of s y n t h e s i s  of corpounds and h a s  moved from t h e  p r e p a r a t i o n  of s imple 
m a t e r i a l s  t o  more canplex  ones  r e c e n t l y ,  With t h e  e v e r  i n c r e a s i n g  number of inves t iga-  \ 
t i o n s  he ing  c a r r i e d  o u t  by p r i v a t e  i n d u s t r y ,  t h e r e  is no doubt t h a t  t h e  p l a s n a  l e t  
w i l l  becone a c m n e r c i a l  chemica l  nmcess device .  Its p o t e n t i a l  has  been j u s t  touched 
and with each new u s e  a whole f i e l d  of i n v e s t i p a t i o n  is onencd. \. 

, 
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